1. Introduction {#sec1-ijms-18-01478}
===============

Cervical cancer (CC) is currently the fourth leading cause of cancer mortality in women worldwide, despite the existence of highly effective prevention and screening methods \[[@B1-ijms-18-01478]\]. It is already established that persistent infection with high-risk human papillomavirus (HR-HPV) is necessary for CC development \[[@B2-ijms-18-01478]\]. Genital HPV infection is very common among female population in general. However, only a small fraction of these women progress to persistent HPV infection and thus, have an increased risk of developing cervical lesions and invasive CC \[[@B3-ijms-18-01478],[@B4-ijms-18-01478]\]. Growing evidence suggests that long-term HPV infection is necessary but not enough to induce carcinogenesis \[[@B2-ijms-18-01478],[@B3-ijms-18-01478],[@B4-ijms-18-01478],[@B5-ijms-18-01478]\]. In this regard, the host immune response and its genetic background may be among the most significant contributing factors in the natural history of HR-HPV-associated diseases \[[@B6-ijms-18-01478],[@B7-ijms-18-01478]\].

The activation of an effective immune response against virus-infected and tumor cells involve the antigen presentation to specific T cells. Human leukocyte antigens (HLA) play an important role in this process by selecting peptides generated from the processing of foreign antigens and exposing them on the surface of the cell for T cell recognition \[[@B8-ijms-18-01478]\]. HLA class I molecules are expressed by nucleated cells and present intracellular antigens to cytotoxic T cells, while HLA class II molecules are present on the surface of professional antigen-presenting cells (dendritic cells, macrophages and B lymphocytes) and also in some tumor cells. These class II molecules present extracellular antigens to helper T cells \[[@B9-ijms-18-01478]\]. Genes encoding HLA molecules are highly polymorphic and variability between individuals determines the different peptides that are presented to T lymphocytes. Consequently, HLA diversity possibly determines different ability of immune-recognition and clearance of HPV infection, which subsequently creates different susceptibility to neoplastic progression \[[@B10-ijms-18-01478],[@B11-ijms-18-01478],[@B12-ijms-18-01478],[@B13-ijms-18-01478],[@B14-ijms-18-01478],[@B15-ijms-18-01478],[@B16-ijms-18-01478],[@B17-ijms-18-01478]\]. However, technical and financial limitations have restricted studies to a low number of participants, with previous studies on HLA class I and II polymorphisms and susceptibility to CC having obtained mixed results in different populations \[[@B16-ijms-18-01478]\].

Depending on the stimulus of activation, T-helper lymphocytes may differentiate with at least three subtypes, each one producing their own pattern of cytokines: T-helper 1 (Th1), T-helper 2 (Th2) or T-helper 17 (Th17). Cytokines are known to have an important function in defending against HPV infection, regulating viral transcription and modulating viral replication \[[@B18-ijms-18-01478],[@B19-ijms-18-01478],[@B20-ijms-18-01478],[@B21-ijms-18-01478]\]. Classically, Th1 cytokines, such as interleukin-6 (IL-6), IL-12, tumor necrosis factor-α (TNF-α), and interferon-γ (IFN-γ), promote immune responses to intracellular pathogens and tumor cells. Th2 cytokines, such as IL-4, IL-5, IL-10 and IL-13, mainly induce immune responses to helminths and parasites. In comparison, Th17 cytokines, such as IL-17 and IL-22, stimulate immune protection against extracellular bacteria/fungi, while its role in tumor immunity remains controversial \[[@B22-ijms-18-01478],[@B23-ijms-18-01478]\]. However, increased levels of Th1 cytokines, including TNF-α and IL-6, have been associated with persistent HPV infection, CC and metastasis \[[@B24-ijms-18-01478],[@B25-ijms-18-01478],[@B26-ijms-18-01478]\]. Additionally, other cytokines related to immune response modulation, such as IL-17 and IL-10, appears to play a paradoxical role in cervical disease, although mixed results have been reported \[[@B19-ijms-18-01478],[@B26-ijms-18-01478]\]. Despite it being known that the HLA/peptide complex generated after antigen immunization dictates which cytokine profile production is preferentially induced \[[@B27-ijms-18-01478]\], no studies has been conducted to evaluate the relationship between variability of *HLA* genes and serum cytokine expression in the HR-HPV cervical infections to our knowledge.

In the current study, we examined the associations of *HLA* alleles and haplotypes, including *HLA* Class I (*HLA-A*, *-B* and -*C*) and Class II (*HLA-DRB1*, *-DQA1* and *-DQB1*), with serum levels of cytokines IL-6, TNF-α, IL-10 and IL-17 as well as the risk of HPV infections, cervical lesions and invasive CC among Southern Brazilian women of highly admixed descent of a geographic area with a high incidence of CC. Our main finding was higher IL-10 serum levels in women carrying the *HLA-B\*14-C\*08* haplotype, which is related to protection against HR-HPV infection and severe cervical lesions/CC. This suggests a possible association between HLA class I and specific cytokines in cervical carcinogenesis.

2. Results {#sec2-ijms-18-01478}
==========

The mean ages of the 124 women included in the study were similar among the different groups used for statistical analyses. The average ages were as follows: 33.29 years for women with a negative histological diagnosis for intraepithelial lesions or malignancy (NILM); 31.04 years for women with low-grade squamous intraepithelial lesions (LSIL); and 36.1 years for women with high-grade squamous intraepithelial lesions (HSIL) or CC.

A total of 39 HPV genotypes were detected: 17 HR-HPV, 21 low-risk HPV (LR-HPV) and 1 undetermined-risk HPV (UR-HPV). Of the 124 women included, 78 (62.9%) were HPV-positive. Of these HPV-positive women, 16 (20.5%) had only LR-HPV, 48 (61.5%) had only HR-HPV, while14 (18.0%) had multiple HPV infections with LR-HPV, HR-HPV and/or UR-HPV genotypes. HPV-16 was the most prevalent in the overall population (*n* = 29, 31.2%), followed by HPV-18 (*n* = 6, 7.7%), HPV-51 and HPV-82 (*n* = 5, 7.4% for both), HPV-33 and HPV-45 (*n* = 4, 5.9%) in addition to others (frequency lower than 5%). [Table 1](#ijms-18-01478-t001){ref-type="table"} shows the prevalence of total HPV, HR-HPV and HPV-16 by different cytological findings, in which genotypes of multiple HPV infections were counted several times.

For *HLA* class I, 16 *HLA-A*, 25 *HLA-B* and 14 *HLA-C* different allelic groups were detected. For *HLA* class II, 13 *HLA-DRB1*, 6 *HLA-DQA1* and 6 *HLA-DQB1* different allelic groups were detected. The most frequent allelic groups in the study population were *HLA-A\*02* (*n* = 69, 27.8%), *HLA-B\*44* (*n* = 29, 11.7%), *HLA-C\*07* (*n* = 68, 27.4%), *HLA-DRB1\*07* (*n* = 33, 13.3%), *HLA-DQA1\*01* (*n* = 89, 35.9%) and *HLA-DQB1\*03* (*n* = 73, 29.4%) ([Table 2](#ijms-18-01478-t002){ref-type="table"}). The *HLA* allelic distribution showed a Hardy--Weinberg equilibrium for all loci studied, except for the *DQB1* locus.

The frequencies of *HLA* allelic groups and haplotypes were compared, with HPV positivity and different cytological findings examined to detect possible associations. Associations of *HLA* allelic groups and HPV infections or LSIL, HSIL and CC that were significant before Bonferroni correction were grouped as shown in [Table 3](#ijms-18-01478-t003){ref-type="table"}. *HLA-B\*07* (3.26% versus 11.54%, *p* = 0.0316, OR = 3.87, CI = 1.11--13.52) and *HLA-DQB1\*03* (20.83% versus 34.87%, *p* = 0.0265, OR = 2.03, CI = 1.12--3.69) allelic groups were more frequently found in women with HPV infections and LSIL/HSIL/CC, respectively. In contrast, the frequency of *HLA-B\*14* and *HLA-C\*08* allelic groups was decreased in women who had HR-HPV infections and LSIL/HSIL/CC (6.35% versus 0.82%, *p =* 0.0359, OR *=* 0.12, CI *=* 0.15--0.99; and 6.25% versus 0.0%, *p* = 0.0271, respectively for both allelic groups).

Statistically significant associations of *HLA* haplotypes and HPV infections were grouped as shown in [Table 4](#ijms-18-01478-t004){ref-type="table"}. The following *HLA* haplotypes were associated with increased risk: *HLA-B\*15-C\*03-DQB1\*03* for HPV infections (0.0% versus 7.8%, *p* = 0.0065, *p*~c~ = 0.0325); *HLA-A\*02-B\*40* and *HLA-A\*03-DQB1\*06* for HR-HPV infections (0.0% versus 7.3%, *p* = 0.0029, *p*~c~ = 0.0202; and 0.0% versus 7.8%, *p* = 0.0029, *p*~c~ = 0.0289, respectively); and *HLA-A\*02-C\*03* and *HLA-A\*03-DQB1\*06* for HPV-16 infections (2.1% versus 7.1%, *p* = 0.0072, *p*~c~ = 0.0362, OR = 4.18, CI = 1.53--11.39; and 1.7% versus 11.6%, *p* = 0.0037, *p*~c~ = 0.0409, OR = 8.56, CI = 2.14--34.26, respectively).

In contrast, the following *HLA* haplotypes were associated with decreased risk (protection): *A\*11-B\*35-C\*04-DRB1\*01-DQA1\*01-DQB1\*05* (6.2% versus 0.0%, *p* = 0.0047, *p*~c~ = 0.0094), *A\*11-B\*35-C\*04-DQB1\*05* (6.2% versus 0.0%, *p* = 0.0047, *p*~c~ = 0.0141), A\*11-B\*35-C\*04 (6.2% versus 0.0%, *p* = 0.0047, *p*~c~ = 0.0281), *A\*11-B\*35-DQB1\*05* (6.2% versus 0.0%, *p* = 0.0047, *p*~c~ = 0.0141), and *A\*11-C\*04-DQB1\*05* (6.2% versus 0.0%, *p* = 0.0047, *p*~c~ = 0.0328) for HPV infections; *HLA-A\*01-B\*08-C\*07-DQB1\*02* and *B\*08-C\*07-DQB1\*02* for HR-HPV infections (6.3% versus 0.0%, *p* = 0.0079; *p*~c~ = 0.0397; and 7.9% versus 0.0%, *p* = 0.0019; *p*~c~ = 0.0115, respectively); and *HLA-A\*01-B\*08-C\*07-DQB1\*02* also for HPV-16 infections (5.1% versus 0.0%, *p* = 0.0019; *p*~c~ = 0.0076) ([Table 4](#ijms-18-01478-t004){ref-type="table"}).

Statistically significant associations of *HLA* haplotypes with LSIL and HSIL/CC were also grouped, as shown in [Table 4](#ijms-18-01478-t004){ref-type="table"}. The following *HLA* haplotypes were associated with increased risk: *HLA-B\*15-C\*03-DQB1\*03* (0.0% versus 8.1%, *p* = 0.0073, *p*~c~ = 0.0439) and *C\*03-DQB1\*03* (0.0% versus 8.1%, *p* = 0.0004, *p*~c~ = 0.005) for LSIL and HSIL/CC. In contrast, the following *HLA* haplotypes were associated with decreased risk (protection): *A\*11-B\*35-C\*04-DRB1\*01-DQA1\*01-DQB1\*05* (5.9% versus 0.0%, *p* = 0.0061, *p*~c~ = 0.0122), *A\*11-B\*35-C\*04-DQB1\*05* (5.9% versus 0.0%, *p* = 0.0061, *p*~c~ = 0.0183), *A\*11-B\*35-C\*04* (5.9% versus 0.0%, *p* = 0.0061, *p*~c~ = 0.0488), *A\*11-B\*35-DQB1\*05* (6.3% versus 0.0%, *p* = 0.0061, *p*~c~ = 0.0244) and *A\*11-C\*04-DQB1\*05* (6.3% versus 0.0%, *p* = 0.0061, *p*~c~ = 0.0366) for LSIL and HSIL/CC.

With respect to the cytokine profile, IL-6 serum levels were higher in women with HSIL/CC than in those with LSIL (4.59 ± 8.27 versus 1.96 ± 2.62, *p* = 0.0459) ([Figure 1](#ijms-18-01478-f001){ref-type="fig"}). Furthermore, TNF-α, IL-10 and IL-17 serum levels were not statistically associated with HPV positivity or with any different cytological findings. However, higher IL-10 serum levels were associated with the *HLA-B\*14-C\*08* haplotype (5.47 ± 8.68 versus 14.87 ± 17.82, *p* = 0.0209) regardless of cytological findings and HPV status ([Figure 2](#ijms-18-01478-f002){ref-type="fig"}). The *HLA-B\*14-C\*08* haplotype was associated with protection against HR-HPV infections (6.35% versus 0.82%, *p* = 0.0402, *p*~c~ = 0.2813) and against HSIL/CC (6.25% versus 0.0%, *p* = 0.0271, *p*~c~ = 0.1895) as previously described.

3. Discussion {#sec3-ijms-18-01478}
=============

In the present study, we analyzed the associations of *HLA* alleles and haplotypes, including *HLA* Class I (*HLA-A*, *-B*, *-C*) and *HLA* Class II (*HLA-DRB1*, *-DQA1* and *-DQB1*), with serum levels of cytokines IL-6, TNF-α, IL-10 and IL-17 as well as the risk of HPV infections, cervical lesions and invasive CC among Brazilian women of highly admixed descent. To our knowledge, this is the first study to demonstrate a potential association between *HLA* polymorphisms and serum cytokine levels. Our main finding was an association of higher IL-10 serum levels with the *HLA-B\*14-C\*08* haplotype, which showed a protective effect for HR-HPV infections and for HSIL/CC. Additionally, higher IL-6 serum levels were associated with HSIL/CC. Finally, the *HLA-B\*07* and *HLA-DQB1\*03* allelic groups as well as the *HLA-B\*15-C\*03-DQB1\*03*, *HLA-A\*02-B\*40*, *HLA-A\*02-C\*03* and *HLA-A\*03-DQB1\*06* haplotypes were associated with increased risk of HPV infection and/or for LSIL/HSIL/CC. In contrast, the *HLA-B\*14* and *HLA-C\*08* allelic groups as well as the *HLA-A\*11-B\*35-C\*04-DRB1\*01-DQA1\*01-DQB1\*05* and *HLA-A\*01-B\*08-C\*07-DQB1\*02* haplotypes were associated with protection against HPV infections and LSIL/HSIL/CC. However, considering that the total number of samples included in the study was limited in order to minimize the risk of population--stratification bias, larger studies with detailed HPV types coupled with high quality *HLA* data are needed to further evaluate the effects of *HLA* and CC by HPV genotype.

HPV is necessary but not sufficient to cause CC, which supports the hypothesis of an influence of additional factors in carcinogenesis associated with HR-HPV \[[@B28-ijms-18-01478]\]. An association between *HLA* genes and cervical carcinogenesis has been hypothesized due to the high degree of polymorphism of *HLA* genes, which confers different abilities of immune-recognition and clearance of infections. Thus, this would result in different degrees of susceptibility to HPV and neoplastic progression \[[@B10-ijms-18-01478],[@B11-ijms-18-01478],[@B12-ijms-18-01478],[@B13-ijms-18-01478],[@B14-ijms-18-01478],[@B15-ijms-18-01478],[@B16-ijms-18-01478],[@B17-ijms-18-01478]\]. An effective immune response may require optimal peptide presentation by both HLA class I and class II molecules to activate HPV specific cytotoxic and helper T cells, respectively. Subtle changes in or impairment of T cell responses may allow escape from immune surveillance, induction of immune anergy or tolerance to HPV peptides \[[@B19-ijms-18-01478]\]. Our results are consistent with this hypothesis, since we showed that some *HLA* alleles and haplotypes were associated with an increased risk of or protection against HPV, cervical lesions and cancer. Additionally, we demonstrated a potential association of *HLA* class I polymorphism with higher IL-10 cytokine levels in cervical disease.

The *HLA-B\*14:02* and *HLA-C\*08:02* alleles were previously associated with an increased risk of LSIL compared to HSIL or CC \[[@B17-ijms-18-01478]\]. Our data was consistent with this result, although significance was lost after Bonferroni correction. A decreased frequency of HR-HPV infections and severe cervical abnormalities (HSIL and CC) was observed in women carrying *HLA-B\*14* and *HLA-C\*08* alleles or the *HLA-B\*14-C\*08* haplotype. Reinforcing our evidence of protective effects of these *HLA* alleles and haplotype, *HLA-B\*14-C\**08 was potentially associated with higher serum levels of IL-10, independently of HPV infection or cervical abnormalities status. IL-10 is known as an important regulator of the immune system, which attenuates exaggerated immune responses that can lead to deleterious tissue lesions by inhibiting the production of proinflammatory cytokines by both antigen-presenting cells (APCs) and CD4^+^ T cells \[[@B29-ijms-18-01478],[@B30-ijms-18-01478]\]. IL-10 has both immunosuppressive and antiangiogenic effects. Therefore, this interleukin may exert both tumor-promoting and antitumor effects \[[@B29-ijms-18-01478],[@B30-ijms-18-01478],[@B31-ijms-18-01478],[@B32-ijms-18-01478]\]. Associations with both increased and decreased IL-10 levels in CC have been shown in different studies \[[@B30-ijms-18-01478]\]. Additionally, IL-10 was previously related to increased proliferation and cytotoxic function of HPV-specific CD8^+^ T cells as well as with increased expression of IFN-γ \[[@B31-ijms-18-01478]\]. Thus, it is possible that higher levels of IL-10 in the women carrying the *HLA-B\*14-C\*08* haplotype may be involved in the clearance of HPV infections by stimulating cytotoxic T cells (CTLs) against HPV-infected cells. Furthermore, the protection from cervical disease progression may be due to the anti-inflammatory and anti-angiogenic effects of IL-10. However, more studies involving cytokine polymorphisms are needed to clarify the link between IL-10 and HLA in order to assess this hypothesis.

In relation to other cytokines studied, IL-6 serum levels were significantly higher in women with HSIL/CC than in those with LSIL. These findings are in agreement with other studies in which IL-6 promoted CC growth by inhibiting apoptosis and increasing neo-angiogenesis \[[@B27-ijms-18-01478],[@B33-ijms-18-01478],[@B34-ijms-18-01478]\].

Our results revealed an association between some allelic groups and haplotypes with an increased risk of HPV infections and/or cervical lesions and CC. All associations found for allelic groups were previously described by others, as discussed below. Thus, although significance was lost after Bonferroni correction for allelic groups, we believe these associations may be considered as being possibly valid. The *HLA-B\*07* allelic group was more frequent in HPV infected women, with this same allelic group associated with increased risk of HPV infection in other reports \[[@B11-ijms-18-01478],[@B13-ijms-18-01478],[@B22-ijms-18-01478],[@B35-ijms-18-01478],[@B36-ijms-18-01478]\]. The *HLA-DQB1\*03* allelic group and the *HLA-B\*15-C\*03-DQB1\*03* haplotype was associated with increased risk of HPV infections and of LSIL and HSIL/CC. This finding is in agreement with others that demonstrated the association of *HLA-DQB1\*03* alleles with increased risk of CC \[[@B15-ijms-18-01478],[@B37-ijms-18-01478],[@B38-ijms-18-01478],[@B39-ijms-18-01478],[@B40-ijms-18-01478],[@B41-ijms-18-01478]\]. Furthermore, the *HLA-A\*02-B\*40* and *HLA-A\*02-C\*03* haplotypes were associated with an increased risk of HPV and HPV-16 infections, respectively. Previous studies reported conflicting results in relation to an association of *HLA-A\*02* alleles with increased risk of \[[@B35-ijms-18-01478]\] or protection from \[[@B42-ijms-18-01478],[@B43-ijms-18-01478]\] CC and HPV-16 infections. Finally, the *HLA-A\*03-DQB1\*06* haplotype was associated with increased risk of both HPV and HPV-16 infections, as described previously for the *DQB1\*06* allele \[[@B44-ijms-18-01478],[@B45-ijms-18-01478],[@B46-ijms-18-01478]\].

In contrast, we showed an association of allelic groups (although significance was lost after Bonferroni correction) and haplotypes with protection from HPV infections and/or lesions and CC. Specifically, the *HLA-B\*14* and *HLA-C\*08* allelic groups in addition to the *HLA-A\*11-B\*35-C\*04-DRB1\*01-DQA1\*01-DQB1\*05* haplotype were associated with protection from HPV infections, lesions and CC. Curiously, only the isolated alleles *HLA-C\*04*, *DRB1\*01*, *DQA1\*01* and *DQB1\*05:01* were previously associated with a protective effect \[[@B17-ijms-18-01478],[@B35-ijms-18-01478],[@B39-ijms-18-01478],[@B41-ijms-18-01478],[@B47-ijms-18-01478],[@B48-ijms-18-01478],[@B49-ijms-18-01478]\], but not the *HLA-A\*11-B\*35-C\*04-DRB1\*01-DQA1\*01-DQB1\*05* haplotype. Nevertheless, we showed that the *HLA-A\*01-B\*08-C\*07-DQB1\*02* haplotype was associated with a protective effect, specifically against HPV-16 infections. Otherwise, the alleles *DQB1\*02:01* and *DQB1\*02:01/02* were associated with a higher risk of HPV-16 infection \[[@B50-ijms-18-01478]\] and of CC \[[@B51-ijms-18-01478]\], respectively.

Some limitations in our study should be noted. First, we have no data on the history of HPV infections and progression of cervical lesions, which limits our interpretations of the influence of *HLA* polymorphisms and serum cytokines on HPV persistence. Second, cases of women matching the same ethnic background and residing in the same geographical areas were eligible, in order to minimize the risk of population--stratification bias. As a consequence, a total number of participants included in the study was limited. However, it is reassuring that the frequency of *HLA* alleles among the women in our study is consistent with findings from other reports from the same state \[[@B52-ijms-18-01478]\] and also from other admixed populations \[[@B49-ijms-18-01478]\]. Furthermore, since HPV variants have coevolved with different ethnic groups, the host genetic factors may influence the viral variants, so developing a study with a population that has a highly admixed ethnic background is advantageous \[[@B53-ijms-18-01478]\]. It is well known that HPV types 16 and 18 are the most frequent types worldwide, with HPV-16 the most common type in all regions \[[@B54-ijms-18-01478],[@B55-ijms-18-01478]\]. Similar trends were observed in the present study, with HPV-16 being the most prevalent. Nevertheless, considering that HPV-16 is responsible globally for 60.6% of CC worldwide \[[@B55-ijms-18-01478],[@B56-ijms-18-01478]\], further studies with restricted analysis of HPV-16 may enable a more robust analysis of HLA type-specific peptides.

4. Materials and Methods {#sec4-ijms-18-01478}
========================

4.1. Study Population {#sec4dot1-ijms-18-01478}
---------------------

A total of 265 unrelated admixed Brazilian women from the state of Paraná in southern Brazil were recruited for the study. All women were referred for colposcopy due to previous abnormal cytological findings (Pap smears) at the colposcopy clinic of the Public Health Hospital in the city of União da Vitória from October 2012 to September 2014.

According to Probst et al. \[[@B57-ijms-18-01478]\], the population of Paraná as a whole is predominantly of European origin, with a smaller but significant African and Amerindian contribution. Therefore, the study population was considered to be admixed. Considering these characteristics, women were selected by matching the same ethnic background and residing in the same geographical areas, to minimize the risk of population--stratification bias. Women were excluded due to: previous history of squamous intraepithelial lesions or cervical, vaginal or vulvar cancer; pregnancy; postpartum; previous hysterectomy; previous history of other cancers; without history of sexual activity; recent treatment for any pathology of the urogenital tract; ablative or excisional therapy to the cervix within the previous 12 months; chronic diseases (diabetes, allergy or autoimmune disease) and immunocompromised state. Additionally, samples of 10 women were excluded due to low quality of the extracted blood DNA, even after the extraction process was repeated.

Considering all the criteria adopted, 124 women formed the study population, with an age range from 18 to 67 years and a mean age and standard deviation (SD) of 40.3 ± 10.0 years. The study subjects included: (1) 27 women who underwent colposcopy due to LSIL in referral Pap smears, who had a confirmed histologic diagnosis of cervical intraepithelial neoplasia (CIN) grade I; (2) 42 women who underwent colposcopy due to atypical squamous cells (ASC) but not possible to exclude HSIL (ASC-H) or high-grade SIL (HSIL) in referral Pap smears, who had a confirmed histologic diagnosis of CIN II, CIN III or in situ carcinoma; (3) 7 women who underwent colposcopy due to squamous-cell cervical carcinoma (SCC) in referral Pap smears, who had a confirmed histologic diagnosis of invasive CC; and (4) 48 women who underwent colposcopy due to ASC of undetermined significance (ASC-US) in referral Pap smears, who had a negative histologic diagnosis of intraepithelial lesion CIN or malignancy (NILM).

All participants voluntarily agreed to provide biological samples for HPV detection, HLA typing and cytokine determination. They all gave written informed consent before enrollment. This study was approved by the Committee for Ethics in Research Involving Humans at the State University of Maringá (UEM), Brazil, and registered in the National Commission for Research Ethics (CONEP), Ministry of Health of Brazil (No. 132.503/2012, 24 September 2012).

4.2. Sample Collection {#sec4dot2-ijms-18-01478}
----------------------

In all patients, colposcopy was performed after application of 3% acetic acid. Colposcopically targeted biopsies were taken from the most abnormal area of the cervix. An endocervical curettage was performed if the transformation zone was not entirely visible. Women with a suspicious image penetrating the cervical canal and those in whom colposcopy was unsatisfactory were submitted to cervical conization. The material was fixed in formaldehyde. The morphological diagnosis of cervical biopsies was assessed according to the International Histological Classification of Tumors \[[@B58-ijms-18-01478]\].

According to the Brazilian Cervical Cancer Guidelines, all cases with cytological findings of ASC-H, HSIL and CC should be analyzed by colposcopy and histology, before being properly treated and/or having a follow-up \[[@B59-ijms-18-01478]\]. At colposcopy, cervical samples were collected with a cytobrush, immediately suspended in 1 ml of sterile 0.9% NaCl solution and frozen at −80 °C until analyzed. For HLA typing and cytokine serum determination, blood samples were collected using Ethylenediamine tetraacetic acid (EDTA) tubes and serum tubes, respectively. Buffy-coat was obtained from EDTA tubes after centrifugation at 1500 rpm for 10 min. Following this first processing, samples were immediately stored at −20 °C until use.

4.3. DNA Extraction and HPV Genotyping {#sec4dot3-ijms-18-01478}
--------------------------------------

An AxyPrep™ Body Fluid Viral DNA/RNA Miniprep Kit (Axygen Scientific, Union City, CA, USA) was used for DNA extraction according to the manufacturer's instructions. The quality and concentration of purified DNA were measured by spectrophotometry (NanoDrop 2000 Spectrophotometer, Thermo Scientific, Wilmington, DE, USA).

A single-target polymerase chain reaction (PCR) method has been in use in our laboratory for several years for HPV detection, which consists of HPV-PCR amplification carried out using primers MY09 (5′-CGTCCMAARGGAWACTGATC-3′) and MY11 (5′-GCMCAGGGWCATAAYAATGG-3′). For the reaction, 2.5 mM of each deoxynucleotide (dNTP), 1 U of Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA), 0.6 mM of MgCl~2~, 25 mM of each primer and 50 ng of extracted DNA for a final volume of 15 μL was used. Co-amplification of the human β-globin gene was performed as an internal control, using primers GH20 (5′-GAAGAGCCAAGGACAGGTAC-3′) and PC04 (5′-CAACTTCATCCACGTTCACC-3′) under the same conditions as the HPV-PCR. Two types of controls were also included in each reaction: "no-DNA" (negative control) and "HPV-positive DNA" (positive control). PCR products were electrophoresed in 1.0% agarose gel, stained with 1.0 μg/mL ethidium bromide and photo-documented under UV light.

HPV-positive samples were genotyped by PCR-RFLP (Restriction Fragment Length Polymorphism), as described previously \[[@B60-ijms-18-01478]\]. For RFLP, 10 μL of each sample was digested in a final volume of 15 μL with the restriction enzyme HpyCH4V (New England Biolabs, Ipswich, MA, USA) according to the manufacturer's instructions. Restriction fragments were resolved in 8% polyacrylamide gels. HPV genotypes were determined by analyzing each band with Labimage 1D software (Loccus Biotechnology, São Paulo, Brazil), and the molecular weights were compared for HPV genotype determination. A total of 39 individual HPV-DNA genotypes---17 genotypes considered to be either high-risk or potentially high-risk, 22 low-risk genotypes not associated with carcinogenesis and 1 genotype with undetermined risk of carcinogenesis---can be determined by the PCR-RFLP method. In the present study, the following genotypes were considered high-risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and 82 \[[@B61-ijms-18-01478]\].

4.4. HLA Class I and II Genotyping {#sec4dot4-ijms-18-01478}
----------------------------------

Genomic DNA from blood samples was extracted using a Mini Spin Plus Extraction Kit (Biometrix Diagnóstica, Paraná, Brazil) according to the manufacturer's instructions. The quality and quantity of purified DNA were measured using a NanoDrop 2000 Spectrophotometer (Thermo Scientific).

As instructed by the LABType^®^ SSO (One Lambda, Inc., Canoga Park, CA, USA) manufacturer, the purified DNA obtained from blood samples was used to amplify locus *HLA* Class I (*HLA-A*, *-B*, *-C*) and Class II (*HLA-DRB1*, *-DQA1* and *-DQB1*), before the amplification products were hybridized to sequence-specific oligonucleotide probes (SSO) immobilized on fluorescently coded microspheres. After the hybridization, the samples were read using a LABScan™ 100 flow cytometer (One Lambda, Inc.) and the results were analyzed in HLA Fusion software version 3.0 (One Lambda, Inc.) to identify possible *HLA* alleles.

4.5. Serum Cytokine Measurements {#sec4dot5-ijms-18-01478}
--------------------------------

Serum levels of Th1 (IL-6 and TNF-α), Th2 (IL-10) and Th17 (IL-17) cytokines were measured by a sandwich enzyme-linked immunosorbent assay (ELISA, eBioscience, San Diego, CA, USA) and the results were expressed in ng/mL. The lower limit of detection for these cytokines was defined according to the manufacturer's instructions (IL-6: 1.0 ng/mL, TNF-α: 2.0 ng/mL, IL-4: 1.0 ng/mL, IL-10: 1.0 ng/mL and IL-17: 2.0 ng/mL).

4.6. Statistical Analyses {#sec4dot6-ijms-18-01478}
-------------------------

Different variables/groups were evaluated, as follows: (1) Cytological findings: normal (NILM) and abnormal cytology, grouped into LSIL and HSIL/CC (these two most-severe grades were grouped together); and (2) HPV infections: HPV-positive versus HPV-negative, HR-HPV-positive versus HR-HPV-negative and HPV-16-positive versus HPV-16-negative. Allele and haplotype frequencies were calculated using the Arlequin Program v3.1 (available at: <http://cmpg.unibe.ch/software/arlequin3>). Alleles and haplotypes present in ≥5% of the women were included in the main analyses. To limit the number of comparisons in the haplotype analyses, only the multiloci combinations of greatest interest was explored. OpenEpi v.3.01 software ([www.openepi.com](www.openepi.com)) \[[@B62-ijms-18-01478]\] was used to compare *HLA* allele and haplotype frequencies in different groups, with a two-tailed Fisher's Exact Test or Yates' corrected chi square. The Odds Ratio (OR) and 95% Confidence Interval (CI) were calculated in all significant comparisons. A Bonferroni correction was used to avoid a type I error.

Mean levels of cytokine were compared between different groups by Student's *t*-test for independent samples, using the BioEstat v5.0 program ([www.mamiraua.org.br/pt-br/downloads/programas/](www.mamiraua.org.br/pt-br/downloads/programas/)) \[[@B63-ijms-18-01478]\]. To analyze possible associations between *HLA* polymorphism and the serum cytokine profile (IL-6, TNF-α, IL-10 and IL-17 levels) in carriers and non-carriers of each allelic and haplotype, groups were compared with Kruskal--Wallis analysis of variance or Mann--Whitney test. All *p*-values less than 0.05 were considered statistically significant.

5. Conclusions {#sec5-ijms-18-01478}
==============

To our knowledge, this is the first study to demonstrate a potential association of higher IL-10 serum levels with the *HLA-B\*14-C\*08* haplotype, which showed a protective effect for HR-HPV infections and for HSIL/CC. Further investigations involving other polymorphisms with longer-term follow-ups and larger sample sizes will be needed in order to determine whether these findings can be repeated in other studies with different populations. Continued examination of the immune response to HPV may lead to the development of novel therapies or effective vaccines against established HPV infections.
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###### 

Frequency of HPV infection grouped by cytological findings.

  Cytology   Women         HPV Positivity                
  ---------- ------------- ---------------- ------------ -----------
  NILM       48 (38.7)     3 (6.3)          2 (66.7)     0 (0.0)
  LSIL       27 (21.8)     26 (96.3)        12 (46.2)    06 (23.1)
  HSIL       42 (33.9)     42 (100.0)       41 (97.6)    19 (45.2)
  CC         07 (5.6)      07 (100.0)       07 (100.0)   04 (57.1)
  Total      124 (100.0)   78 (62.9)        62 (79.5)    29 (37.2)

HPV = human papillomavirus; NILM = negative for intraepithelial lesion or malignancy; LSIL = low-grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; and CC = cervical cancer.
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###### 

*HLA* class I and II allele types in the study population (*n* = 124).

  *HLA-A*   *n* (*f*%)   *B\*40*   17 (6.9)     *HLA-DRB1*   *n* (*f*%)
  --------- ------------ --------- ------------ ------------ ------------
  *A\*01*   28 (11.3)    *B\*41*   1 (0.4)      *DRB1\*01*   31 (12.5)
  *A\*02*   69 (27.8)    *B\*42*   1 (0.4)      *DRB1\*03*   26 (10.5)
  *A\*03*   21 (8.5)     *B\*44*   29 (11.7)    *DRB1\*04*   24 (9.7)
  *A\*11*   18 (7.3)     *B\*45*   3 (1.2)      *DRB1\*07*   33 (13.3)
  *A\*23*   9 (3.6)      *B\*48*   4 (1.6)      *DRB1\*08*   27 (10.9)
  *A\*24*   28 (11.3)    *B\*49*   4 (1.6)      *DRB1\*09*   6 (2.4)
  *A\*25*   3 (1.2)      *B\*50*   4 (1.6)      *DRB1\*10*   3 (1.2)
  *A\*26*   9 (3.6)      *B\*51*   16 (6.5)     *DRB1\*11*   21 (8.5)
  *A\*29*   14 (5.7)     *B\*52*   7 (2.8)      *DRB1\*12*   3 (1.2)
  *A\*30*   3 (1.2)      *B\*55*   2 (0.8)      *DRB1\*13*   24 (9.7)
  *A\*31*   24 (9.7)     *B\*56*   4 (1.6)      *DRB1\*14*   10 (4.0)
  *A\*32*   8 (3.2)      *B\*57*   6 (2.4)      *DRB1\*15*   28 (11.3)
  *A\*33*   2 (0.8)      *B\*58*   5 (2.0)      *DRB1\*16*   12 (4.8)
  *A\*66*   3 (1.2)      *HLA-C*   **n (f%)**   *HLA-DQA1*   **n (f%)**
  *A\*68*   7 (2.8)      *C\*01*   10 (4.0)     *DQA1\*01*   89 (35.9)
  *A\*74*   2 (0.8)      *C\*02*   13 (5.2)     *DQA1\*02*   34 (13.7)
  *HLA-B*   **n (f%)**   *C\*03*   40 (16.1)    *DQA1\*03*   31 (12.5)
  *B\*07*   21 (8.5)     *C\*04*   39 (15.7)    *DQA1\*04*   26 (10.5)
  *B\*08*   22 (8.9)     *C\*05*   11 (4.4)     *DQA1\*05*   67 (27.0)
  *B\*13*   4 (1.6)      *C\*06*   17 (6.9)     *DQA1\*06*   1 (0.4)
  *B\*14*   9 (3.6)      *C\*07*   68 (27.4)    *HLA-DQB1*   **n (f%)**
  *B\*15*   28 (11.3)    *C\*08*   9 (3.6)      *DQB1\*01*   2 (0.8)
  *B\*18*   10 (4.0)     *C\*12*   13 (5.2)     *DQB1\*02*   55(22.2)
  *B\*27*   6 (2.4)      *C\*14*   1 (0.4)      *DQB1\*03*   73 (29.4)
  *B\*35*   28 (11.3)    *C\*15*   10 (4.0)     *DQB1\*04*   21 (8.5)
  *B\*37*   2 (0.8)      *C\*16*   12 (4.8)     *DQB1\*05*   49 (19.8)
  *B\*38*   5 (2.0)      *C\*17*   3 (1.2)      *DQB1\*06*   48 (19.4)
  *B\*39*   10 (4.0)     *C\*18*   2 (0.8)                   

*HLA* = human histocompatibility antigen.
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###### 

Associations of *HLA* allelic groups with risk of HPV infection or cervical lesions/cancer development.

  *HLA* Allelic Group   n (ƒ%)                       n (ƒ%)                       *p*-Value    OR CI (95%)
  --------------------- ---------------------------- ---------------------------- ------------ --------------------
                        HPV-negative (*n* = 46)      HPV-positive (*n* = 78)                   
  *B\*07*               3 (3.26)                     18 (11.54)                   0.0316 ^1^   3.87 (1.11--13.52)
                        HR-HPV-negative *(n* = 63)   HR-HPV-positive (*n* = 61)                
  *B\*14*               8 (6.35)                     1 (0.82)                     0.0359 ^1^   0.12 (0.15--0.99)
  *C\*08*               8 (6.35)                     1 (0.82)                     0.0359 ^1^   0.12 (0.15--0.99)
                        NILM (*n* = 48)              HSIL/CC (*n* = 49)                        
  *B\*14*               6 (6.25)                     0 (0.0)                      0.0271 ^1^   \-
  *C\*08*               6 (6.25)                     0 (0.0)                      0.0271 ^1^   \-
  *DQB1\*03*            20 (20.83)                   35 (35.71)                   0.0324 ^2^   2.11 (1.11--4.02)
                        NILM (*n* = 48)              LSIL/HSIL/CC (*n* = 76)                   
  *DQB1\*03*            20 (20.83)                   53 (34.87)                   0.0265 ^2^   2.03 (1.12--3.69)

^1^ *p*-Value calculated with Fisher's exact test; ^2^ *p*-value calculated with Yates' corrected chi square. All comparisons had *p*~c~ (corrected by Bonferroni test) \> 0.05. Note that *p*~c~ = *p*-value corrected by Bonferroni test; OR = odds ratio; and CI = confidence interval.
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###### 

Significant associations of *HLA* haplotypes with risk of HPV infection or cervical lesions/cancer development.

  *HLA* Haplotypes                                 HPV             HR-HPV          HPV-16          NILM (*n* = 48)   LSIL (*n* = 27)   HSIL/CC (*n* = 49)                                    
  ------------------------------------------------ --------------- --------------- --------------- ----------------- ----------------- -------------------- --------------- ---------------- -----------------
                                                   *n* (*f*%) \*   *n* (*f*%) \*   *n* *(f*%) \*   *n* (*f*%) \*     *n* (*f*%) \*     *n* (*f*%) \*        *n* (*f*%) \*   *n* (*f*%) ^†^   *n* (*f*%) ^†^
  *A\*11-B\*35-C\*04-DRB1\*01-DQA1\*01-DQB1\*05*   0 (0.0) ^a^     6 (6.2) ^a^     0 (0.0)         6 (4.8)           0 (0.0)           6 (3.0)              6 (5.9) ^b^     0 (0.0) ^b^      0 (0.0) ^b^
  *A\*11-B\*35-C\*04-DQB1\*05*                     0 (0.0) ^a^     6 (6.2) ^a^     0 (0.0)         6 (4.8)           0 (0.0)           6 (3.0)              6 (5.9) ^b^     0 (0.0) ^b^      0 (0.0) ^b^
  *A\*11-B\*35-C\*04*                              0 (0.0) ^a^     6 (6.2) ^a^     0 (0.0)         7 (5.4)           0 (0.0)           7 (3.5)              6 (5.9) ^b^     0 (0.0) ^b^      0 (0.0) ^b^
  *A\*11-B\*35-DQB1\*05*                           0 (0.0) ^a^     6 (6.2) ^a^     0 (0.0)         6 (4.8)           0 (0.0)           6 (3.0)              6 (6.3) ^b^     0 (0.0) ^b^      0 (0.0) ^b^
  *A\*11-C \*04-DQB1\*05*                          0 (0.0) ^a^     6 (6.2) ^a^     0 (0.0)         6 (4.8)           0 (0.0)           6 (3.0)              6 (6.3) ^b^     0 (0.0) ^b^      0 (0.0) ^b^
  *A\*01-B\*08-C\*07-DQB1\*02*                     0 (0.0)         4 (4.3)         0 (0.0) ^c^     8 (6.3) ^c^       0 (0.0) ^d^       10 (5.1) ^d^         4 (4.2)         0 (0.0)          1 (1.0)
  *B 08-C\*07-DQB1\*02*                            10 (6.4)        4 (4.3)         0 (0.0) ^c^     10 (7.9) ^c^      0 (0.0)           13 (6.8)             4 (4.2)         5 (9.2)          5 (5.1)
  *B\*15-C\*03-DQB1\*03*                           12 (7.8) ^a^    0 (0.0) ^a^     9 (7.4)         5 (4.0)           4 (6.9)           10 (5.1)             0 (0.0) ^b,e^   4 (7.4) ^b^      8 (8.1) ^b,e^
  *C\*03-DQB1\*03*                                 16 (10.0) ^a^   0 (0.0) ^a^     12 (9.9)        3 (2.7)           6 (9.9)           10 (5.4)             0 (0.0) ^b,e^   3 (5.6) ^b^      12 (12.7) ^b,e^
  *A\*02-B\*40*                                    9 (5.8)         0 (0.0)         9 (7.3) ^c^     0 (0.0) ^c^       5 (8.6)           4 (2.1)              0 (0.0)         0 (0.0)          8 (7.9)
  *A\*02-C\*03*                                    11 (7.1)        2 (2.1)         11 (9.0)        3 (2.3)           9 (15.5) ^d,†^    8 (4.4) ^d,‡^        2 (1.9)         2 (3.7)          11 (11.2)
  *A\*03-DQB1\*06*                                 9 (5.7)         2 (2.2)         9 (7.8) ^c^     0 (0.0) ^c^       7 (11.6) ^d,‡^    3 (1.7) ^d,‡^        2 (2.1)         4 (7.4)          5 (4.7)
  *B\*14-C\*08*                                    3 (1.9)         6 (6.5)         1 (0.8) ^c^     8 (6.4) ^c^       0 (0.0)           9 (4.7)              6 (6.3) ^e^     3 (5.6)          0 (0.0) ^e^

\* Haplotype frequency calculated using Arlequin software. All comparisons had *p* values \< 0.01 and *p*~c~ (corrected by Bonferroni test) \< 0.05, except B\*14-C\*08; ^a^ HPV-negative versus HPV-positive; ^b^ NILM versus LSIL/HSIL/CC; ^c^ HR-HPV-negative versus HR-HPV-positive; ^d^ HPV-16-negative versus HPV-16-positive; ^e^ NILM versus HSIL/CC; ^†^ OR (CI 95%) = 4.18 (1.53--11.39); ^‡^ OR (CI 95%) = 8.56 (2.14--34.26); Note that HR-HPV = high-risk HPV.
